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K.  KftHaftnn  azxi  V.  V.  Kellogg 


Tram  tbe  tijae  ?r<«ldexrt  Kieenhover  on  July  29th  of  last  year  fmocnmced  tiMs 
launching  vlthin  the  ziear  future  of  an  artificial  satellite,  aciestists  fron  all 
over  the  vorld  have  izidicated  very  great  interest  in  the  project.  The  artificial 
aooQ,  as  it  also  any  be  called,  vill  be  this  country's  aost  significant  cootribution 


to  the  global  scientific  effort  vhich  is  planned  for  1957-58* 

Why  are  scientists  so  intarestea  in  such  a  spectacular  and  expensive  uzslar- 
taking?  Before  trying  to  snsver  that  question,  I  should  like  to  say  a  fsv  sords 
about  the  International  Oeophysical  Year  (IGY)  progran,  of  which  the  satellite 


prograa  is  only  a  part. 

During  this  period  the  scientific  efforts  of  soae  HO  nations  will  be  eo-crdl— 
nated  to  obtain  observations  on  a  vorl(Wide  scale,  observations  which  will  be  vital 
to  our  scientific  progress.  Kvery  effort  is  now  being  aade  to  set  up  observation 
stations  extending  froa  pole  to  pole  along  certain  ■erirllsns-— 10^  last,  IkO?  last, 
and  750^  Vest  longitudes— together  with  stations  closely  spaced  around  the  equator 
axxi  at  the  polar  regions.  Thus  the  observation  and  orbital  tracking  of  an  earth- 
circling  vehicle  will  be  greatly  helped  by  these  stations,  particularly  if  the 
satellite  is  equipped  with  a  sij^le  radio  transodtter  vhich  can  contact  these  stations. 

This  country's  effort  in  the  world-wide  progrsa  is  being  sponsored  by  the 
Bational  Acadaiy  of  Sciences,  and  is  being  guided  by  the  U.S.  Haticnal  Coealttee 
for  the  lOY  under  the  chainaanship  of  Professor  Joseph  Ksplan.  Thirteen  panels 
have  been  set  up  to  direct  the  research  in  the  different  sciences  related  to 
problens  in  geophysics. 

The  principal  fields  of  study  will  be  solar  activity,  longitude  and  latitude, 
glaciology,  cccanogrsphy,  aeteorology,  geo«sgnetl8n,  aurora  and  alrglow, 
ionospheric  plyslcs,  coeBlc  rays,  selsaolo^,  snd  gravity.  A  large 


y' 


^•760 

2 


portion  of  our  progrui  It  in  thi  handt  of  Uie  Rocktt  Ptntl  for  purpooot  of 
high-altitudo  retearoh*  Soae  600  rockets  of  'various  sixes  which  idll  reach 
altitudes  up  to  200  allss  (approx*  5^  ka)  will  be  fired  froa  diffsrsnt  lo¬ 
cations.  A  separate  panel  will  oonduot  the  satelli'^  prosrajs. 

The  prograas  of  the  other  nations  are  being  organised  in  a  siallar  Manner^ 
although  for  nost  oountrios  on  a  Miller  ecale^  with  the  exception  of  the 
Eussian  profran  which  in  site  is  coaparable  to  the  U*  S*  prcgrasu  HoasTer, 
no  rocket  researdi  progrsa  and  no  satellite  program  has  been  subaittod  bj  the 
Soviet  Union  to  the  international  coaaittee  as  of  today*  AraneOi  England^ 
Aistralla^  and  Japan,  however,  may  undertake  rocket  research  during  the  IGT* 

Now,  I  should  like  to  ccoe  back  to  the  question  as  to  why  scientists 
want  such  an  extravagant  piece  of  equipment  as  an  artificial  satellite  for 
their  experinents  and  observations*  Why  can*t  they  be  satisfiod  with  the 
observations  aadt  by  means  of  rockets? 

The  answer  is,  that  eounding  rockets  launched  froo  a  particular  location 
at  a  particular  time  can  give  a  vertical  picture  only  of  the  atmosphere  at  a 
singlo  instant  of  time,  whereas  most  oi  the  Important  observations  to*  be  aids 

I 

during  the  IGY  are  those  which  vary  continuously  with  tisse,  latitude,  and 
longitude. 

This  picture  (Fig*  1)  is  a  schematic  diagram  of  most  of  the  Important 
upper  atmosphere  problems*  The  same  atmosphere  which,  by  absorption,  pro¬ 
tects  us  from  the  powerful  radiation  ceming  from  outside,  is  also  the  obstacle 
which  hinders  us  from  looking  into  outer  space.  In  particular,  the  very  im¬ 
portant  region  of  the  ionosphere  v/hlch  is  formed  by  the  ultraviolet  and  X-ray 
radiation  coming  from  the  sun,  acts  as  an  ”ion-curtaln"  beyond  which  we  oannot 
see*  And  It  is  exactly  this  which  we  must  do  if  wo  are  to  advance  our  knoim- 
ladge  of  conditions  on  the  earth  and  their  dependence  on  conditions  outside 
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the  earth  *•  ataoephere.  A  sere  sliapie  into  epaoei  as  aede  bgr  roekete^  ie 
not  enough*  Bs  aost  look  Ibr  an  extended  period  of  tlM  from  oonaldexmble 
altitudes  in  both  directione— into  epaoe  and  teaerde  the  earth* 

The  t:i)os  of  data  which  can  be  eoUeoted  bgr  aeane  of  a  geophgroical 
eatellite  will  varx  with  the  aYallable  weight,  poaeri  and  other  fhatwree  of 
the  vehicle,  such  as  aiudliary  power  aupply  axKl  attitude  atabilisatioiu 

There  are  two  typea  of  iaforaation  which  can  be  obtained  froa  path  eb- 
eervations  aloDS|  these  are  ataaoepheric  denaitiee  and  geodetic  weaenreaenta* 

For  theae  obeervationa  no  inatruaentation  ia  requirad,  althoui^  a  li^t  'weiiht 
radio  tranaaitter  of  3  to  10  pounda  would  be  desirable*  In  anj  event,  ex«* 
treaely  accurate  tracking  of  the  vehicle  in  its  orbit  over  several  revolutioae 
ia  eaaential*  Aa  the  satellite  circlea  the  earUi  the  air  particles  will 
gradually  slow  it  down,  so  that  it  will  eventually  fall  into  the  thioker 
Ia3rer8  of  the  lower  ataosphere*  Thus  the  altitude  of  the  oxtdt  id  11  gradnally 
change*  Since  tbs  air  drag  is  directly  proportional  to  the  square  of  the 
vehicle’s  speed  and  the  jbtaosnheric  density,  the  drag  effeot  can  be  used  to 
detemine  air  densitios  at  these  great  heists* 

A  acre  acctxrate  detendnation  of  the  site  and  shaps  of  the  earth,  and 
the  distancee  between  continents  and  islands,  aay  be  obtained  if  the  artificial 
aoon,  rather  than  the  real  one,  is  used  for  j;eodetie  aeaeurewente*  The  pex^ 
.urbation  of  the  trajectory  caused  primarily  by  the  oblateness  of  the  earth 
will  be  larger  on  such  a  snail  vehicle  operating  close  to  the  earth’s  eurfase, 
than  it  is  on  trie  large  noon  which  is  so  nnich  farther  away*  Again,  securate 
trackiAT  fron  various  stations  along  ths  path  is  essential* 

Artificial  seeding  froa  the  satellite,  which  means  spraying  kzMwn  gases 
into  the  atmosphere,  could  serve  a  dual  purpose*  First,  the  tracking  problsm 
could  be  helped  if  the  gas  were  to  react  with  the  air  particlea  in  such  a  way 
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M  to  produce  visible  licht  timils  which  cculd  be  seen  free  the  ground* 
Second^  from  spectroscopic  observations  of  these  li^t  trails  atmospheric 
eoaposition  could  be  deduced^  since  ths  ^as  ejected  from  the  satellite  ob- 
Tiousl^  could  react  only  with  the  air  particles  present  at  these  high  alti¬ 
tudes*  Ko  orientation  or  teleis3tering  devices  are  needed  for  this  experiment* 
nth  a  slightly  larger  payload  for  instrumentation — 20  to  23  pounds  for 
example— valuable  meteor  observations  could  be  made*  At  present^  msteors 
are  observed  from  the  gro  ixi  by  the  visible  light  and  ionization  they  cause 
when  entering  the  earth's  atmosphere  at  altitudes  of  100  -200  kHometers* 
BLgh-speed  telescopes,  and  radio  or  radar  equipment,  are  used  for  observing 
these  effects*  It  is  obvious  that  enormous  diffioidties  are  encountered  in 
determining  the  number  and  the  masses  and  densities  of  meteors  enterinj  the 
earth's  atmosphere  psr  day  on  the  basis  of  these  rather  limited  observations* 
Also,  telescopic  caasras  can  cover  onl^^  a  small  region  of  the  sky  at  a  tims, 
and  they  are  limited  as  to  ths  order  of  magnittide  or  brightness  ihich  they 
can  see*  Radar  observations  are  hampered  by  the  fact  that  in  the  case  of 
small  particles  their  paths  must  be  perpendicular  to  the  bea^f  othemise  no 
signal  will  be  retumsd* 

The  impact  of  meteorites  and  tnicrometeorites  on  an  artificial  satellite 
can  be  measured  by  means  of  raicro phones  placed  along  the  skin  of  the  vehicle. 
The  number  of  pips  observed  in  .he  telemetered  record  would  give  the  number 
of  dust  particles  enco^mtered  in  a  known  area  over  a  kiiown  period  of  time* 
There  is  rocent  evidence  that  acre  dust  nmiy  enter  our  atmosphere  than  has 
been  assumed*  Then,  also,  there  is  the  question  of  how  much,  if  any,  of  ths 
dust  causing  the  todiacal  li^ht  drifts  down  to  us* 

Artl  ficial  Mteors  of  kno^tn  sise,  density,  and  velocity  could  bs  ejected 
from  the  satellite  by  means  of  shaped  charges*  Observations  of  ths  limiinous 
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and  loniutlon  afficlBiicj  of  theaa  ksom  partielaa  when  thty  enUr  tha  daiuMT 
portiona  of  the  ataoaphere  mnild  help  In  deducing  Baaiee  and  denaitiea  of 
real  Mteora  ooaing  froa  the  solar  systeB  or  froa  outer  space* 

Two  obYiously  ixportant  applications  of  nagnetio  field  asasureasnis 
concern  studies  of  cosmic  rays  and  studies  of  the  interactions  betseen  aag- 
netic  disturbances  and  the  conditions  in  the  ionosphere*  Since  the  earth’s 
magnetic  field  has  an  influence  on  moving  charged  paz*tiolea^  it  is  clear  that 
it  haa  an  influence  on  incoming  protons,  alpha  particles,  and  heavier  iona 
^vhich  naks  up  the  priaary  coanic  rays* 

There  are  rorj  significant  variations  in  ths  earth’s  asgnstie  flsld 
due  to  the  cc«plioated  Interactions  betseen  the  motion  of  diarges  la  tlie 
upper  ataosphere  and  the  gecaagnetic  field  itself*  It  has  firsqusntly  besn 
pointed  out  that  the  winds  in  the  ionosphere,  which  carry  charged  particles 
acroae  the  aagnetic  lines  of  force,  cause  the  ionosphere  to  behave  like  en 
electric  generator*  The  currents  which  are  generated  produce  aagoetlo  fielda 
which  are  measured  at  the  earth’s  surfhcs  as  perturbations  on  ths  staady  field* 
These  perturbations  become  particiilarly  noticeable  during  'tegnetie  etcrae,” 
and  may  amount  to  as  smch  as  10  per  cent  of  the  peraanent  ccm>onent« 

Staple  and  rugged  total-fleld  magnetcaetare  based  on  nuolaar  resonance 
have  been  devised*  Their  extension  to  this  problem  appears  to  be  relativelj 
easy*  Since  the  total  field  is  involved,  attitude  stabilisation  is  not 
oritioal,  but  some  attention  would  have  to  be  given  to  the  aagnstio  moment 
of  the  vehicle  itself* 

Bfer  since  cosmic  rays  were  discovered  some  Uo  years  ego,  the  problem 
of  the  nature  and  origlr'.  cosalo  radiation  haa  been  ons  of  the  aoet  in¬ 
triguing  in  the  field  of  physics*  An  answer  to  these  questions  sight  give  a 
knowled^  of  the  highest  voltage  generative  force  in  the  universe,  and 
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parhpaa  a  better  inaij^it  into  the  ancient  question  of  the  orictn  of  the 
universe#  AAidj  of  the  behavior  of  prijsary  cosaic  ray  particles  would  also 
further  o\zr  uxxierstandinc  of  the  fUndaaental  forces  which  bind  sub-atcadc 
particles# 

ObsenatLons  of  prijoar^*'  particles  as  well  as  secondaries  produced  bgr  the 
interaction  with  air  particles,  are  wade  by  asans  of  cloud  chaabers,  ionisa¬ 
tion  chaabers,  Geiger  counters,  Geiger  telescopes,  and  photographic  eaulsions# 
The  latter  requires  physical  recovery  of  the  fila,  while  the  foraer  aethods 
require  teleastering  of  the  observations# 

To  date,  reflection  of  sunlight  by  the  earth  has  been  calculated  from 
estiaates  of  reflection  froa  clouds,  oceans,  snow  fields,  forests,  etc#,  or 
by  the  eajrthshine  reflected  froa  the  aoon#  These  techniques,  useful  as  they 
are,  have  serious  liidtations,  as  has  been  pointed  out  by  Or#  Frits#  k 
satellite  vehicle  would  have  an  unobetruotad  view  of  the  earth  and  sky,  so 
that  the  radiation  reaching  the  earth  froa  the  eun,  and  the  radiation  re¬ 
flected  f^oa  the  eax*th  back  into  space,  could  be  Measured# 

The  aeasureaents  taken  from  a  boloaeter  pointing  toward  the  sun  would 
provide  a  direot  detenoinatlon  of  the  so-called  solar  constant  and  its  possi¬ 
ble  variation#  The  aeasureaant  of  the  incoaing  energy,  the  reflected  and 
back-scattered  energy,  and  the  outgoing  long-wave  radiation  would  provide 
the  necessary^  ener  v  data  fcr  studies  of  the  theraodynaaic  state  of  the  earth 
and  its  ataosphers^a  problea  of  great  iaportance  to  the  aetsorologist# 
last  but  not  least,  I  would  like  to  discuss  ths  iaportanos  of  ultra¬ 
violet  and  X-ray  aeasureasnts  froa  an  artificial  satellite#  It  is  this 
radiation  coain;:  froa  the  sun  and  its  ata^sphere,  the  chronosphsre  and  the 
corona,  which  is  completely  absorbed  by  our  ataosphere  and  which  therefore 
cannot  be  observed  from  ths  surface  of  the  earth#  On  ths  other  hand,  it 
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±B  thi«  radiation  which  ia  rwaponaible  for  tha  fonwition  of  Iho  ionotpharw— 
tha  highly  ionised  rogiona  of  our  ataosphere  batwean  100  and  300  ka— #iioh 
are  able  to  reflect  radio  waves  sent  up  fro*  the  ground,  waves  which  carry 
important  message  over  large  distancea  at  speeds  close  to  the  velocity  of 
light.  The  whole  proble*  of  long-range  radio  ccimnii.ation  ia  affaotad  by 
the  state  of  tha  ionoaphera# 

in  artificial  satellite  capable  of  toeaaurlng  over  an  extended  period 
of  time  not  only  the  radiation  entering  the  ataosphere  when  the  aun  ia  quiet, 
but  also  the  radiation  emitted  during  aolar  flares  and  durin:  other  aolar 
diaturbances,  would  be  of  vital  help  in  our  undaratanding  of  radio  blaekoota, 
and  nd^ht  provide  a  clue  to  the  correlation  of  weather  phenomena  and  apaciflo 
aolar  activity,  Tha  oontlnuoua  wsrtical  ahifting  of  the  ioniwed  layara  with 
latit\ide,  aeasona,  and  time  of  day  may  be  explainable  from  these  observation*, 
in  '^ich  case  better  predictions  for  conKunication  purposes  could  be  Bads* 

The  met:  oda  used  to  detect  aolar  radiation  depend  on  tha  wavelength 
region  of  interest  and  on  the  altitude  above  tha  earth  at  which  this  radiation 
ia  to  be  observed.  At  an  altitude  of  abo^it  2*50  silei,  practically  tha  entire 
spectrum  of  radiation  emitted  .'j  the  sun  and  its  ataosphere  should  be  present. 

Ultraviolet  intanaitlea  have  beer,  measured  by  tharaolualnaaeent  phoephor, 
which  has  the  property  of  being  sensitive  to  wavelengths  leas  than  I3OO  i 
but  not  above.  X-ray  radiation  can  ba  measured  by  photon  countera.  Tals- 
aeterirg  davicea  and  attitude  control  in  a  aatellita  would  ba  necaaaary  to 
obtain  this  infonaation,  Fbr  this  raason,  observations  of  this  typa  aay  not 
be  swon-  t  e  first  to  be  made  fro*  an  artificial  aatallita. 

In  concluding  this  presentation,  I  should  like  to  strass  tha  fact  that 
iaportant  knowledge  oan  be  fro*  o'^ervetlona  aids  fro*  any  satellite, 

#iethar  or  not  it  carries  an  appreciable  inatruaentation  payload.  Tha  ex3;>erien(Me 
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gaioed  ter  ^  daalgner  and  the  conetructor  of  the  fir»t  iatellite  vehicle 
wofuld  add  to  the  ieproi^.T^ente  in  the  ones  to  cone,  I  ax  convinced  that 
onoe  «e  enter  the  satellite  the  possibilities  for  advancenent  in  science 

and  its  application  to  cocswrcial  problens  *?fill  be  very  g^reat# 
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